Six hundred and twelve drivers with chronic disease, mainly diabetes, cardiovascular disease, renal disorders, and diseases of the sense organs, were investigated with regard to the frequency of road accidents and serious driving offences during a Io-year period. Road accidents directly caused by the disease or its treatment occurred in four (o-8%) cases, all due to hypoglycaemic attacks in insulin-treated diabetics. A comparison was made between the investigation series and a control series identical with regard to number, sex, age, and duration of licence-holding. About 50% of the drivers in each series were asked about their exposure to traffic; this proved to be similar in both series. The percentages of drivers experiencing road accidents were 4-I in the investigation series and 7-7 in the control series. The corresponding figures for road accidents and serious driving offences taken together were 9-8% and I5.3%. The con-
In Sweden, as in several other countries, the authorities apply restrictive rules in connexion with the granting of driving licences to persons with such chronic disorders of health as do not directly disqualify the applicant. These Tannenbaum (1958) found that 8-2% of all accident cases included in his investigation were wholly or partly caused by the effects of an acute or chronic disease. This result should be compared with the findings of Kulowski (ig6o) that, in a series of more than 300 patients with previously diagnosed disease, about 9%, most of them drivers, had been involved in a traffic accident owing to their disease.
Received for publication May 12, 1965. In another American study of a small group of professional drivers, no increased accident frequency could be shown in those drivers who were found, when applying for a licence, to have physical defects, although these were not severe enough to justify the withdrawal of the driving licence (Sim and Brandaleone, I96I) .
In Holland a study was made of about 73,400 road accidents which had been reported to the police during I951. Judging by answers to an inquiry addressed to drivers with suspected disease, diabetics undergoing insulin treatment were involved in only four cases. In two of these cases the disease was regarded as having certainly contributed to the occurrence of the accident. In the other two cases such a causal connexion was doubtful (Gerritzen, 1959) . In Germany, approximately 72,000 diabetics hold driving licences. Of these, 30,000 are undergoing insulin treatment (Peukert, quoted by Benzing, I96I). Only o0o9% of the diabetic drivers had been involved in road accidents, and only a few of them were affected by hypoglycaemia at the time of the accident (Pannhorst, quoted by Benzing, I96I) . In another German investigation of I5,000 to 20,000 road accidents, only one driver was found to have been affected by hypoglycaemic symptoms (Elbel, I960) . In New Zealand, an investigation was undertaken of the occupational circumstances of 28 diabetics. All the subjects were drivers of motor 28 vehicles, and i8 of them were undergoing insulin treatment. During a five-year observation period five of these diabetic drivers were involved in road accidents. In none of these was the driver under the influence of an overdose of insulin (Copplestone, I959) .
Among 3,ooo deaf drivers, road accidents occurred in only 0-14% as compared with 3 9% of other drivers (Elbel, i963) . In Pennsylvania during a two-year period, only one road accident was recorded among 6oo deaf drivers (Elbel, I960) . In Colorado a comparison between Ioo deaf drivers and 200 drivers with normal hearing showed a lower frequency of traffic offences among the deaf drivers, although as a group they had more years of driving experience than had the control group (Finesilver, I96I Group I This group comprises drivers whose possession of a driving licence depends on the fact that their physical defect is not likely to undergo sudden or uncontrolled progress, which would make them unsafe on the road, and whose licence is restricted by the requirement for periodical medical re-examination. The average time of holding a driving licence on these conditions was 5-2 years in this group. The total number was 527 (82%).
Group 2 Drivers in this group earlier held a driving licence subject to restrictions similar to those for group I, but the requirement of periodic medical re-examination has ceased, since their disease is no longer deemed to constitute a hazard to road safety. The average time of holding a driving licence on special conditions was 7.3 years in this group. The total number was 58 (9%).
Group 3 The driving licences of these drivers had been withdrawn or surrendered. The average time of holding a driving licence on special conditions was 5-2 years in this group. The total number was 27 (4%).
Group 4 These drivers were required to undergo periodic medical re-examination but they died during the investigation period. The average time of holding a driving licence on special conditions was 5.9 years in this group. The total number was 36 (5%). Table I shows the age distribution of drivers in group i with diabetes and renal glycosuria. They number 250, 47% of the drivers in group i. The majority of the drivers are insulin-treated diabetics. In the sub-group 'retinopathy without reduced vision', all of whom are insulin-treated, are included serious progressive retinal changes in so far as they have not interfered with vision. In the sub-group 'retinopathy with reduced vision', the specific bloodvessel changes have led to a deterioration of vision. To the category of renal glycosuria have been assigned those cases where it clearly appears from the documents that the diagnosis has been verified. Included in the renal glycosuria group are the few young persons with untreated glycosuria where the physician issuing the certificate has not mentioned the suspicion of diabetes. Table II shows the distribution according to age group and diagnosis of drivers in group i with cardiovascular disease. They number 97, i8% of the drivers in group i. The diagnosis 'valvular heart disease' includes both congenital and acquired' changes of the heart and heart valves. The group 'other heart disease' comprises the following examination findings and diagnoses: functional murmur or doubtful valvular heart disease, funnel chest, previously established but no longer audible murmur following rheumatic fever, premature contractions, ventricular bigeminy, atrial fibrillation, and ill-defined myocardial conditions. In order to arrive at the exposure to traffic, a proportion of the drivers in the control series were -also given a questionnaire similar to that sent to the drivers with chronic disease. About half the control drivers-302 (52%)-were sent the questionnaire. As in the investigation series, an endeavour was made to arrive at an even distribution of the number of drivers questioned in the different sex, age, and licence-holding-period groups.
Evaluation of Road Accidents and Driving
Offences There is no completely satisfactory way of measuring a driver's capacity to cope with threatening traffic situations except possibly in those laboratories where, for example, the reaction times of the sense organs can be studied by means of simulators. Provided, however, that a driver's exposure to traffic is known, the number of road accidents or driving offences he has been involved in may be regarded as representing a rough measure of his safety on the road. It is necessary to bear in mind that some road accidents seem to be due entirely to chance, the driver himself not being a cause of them. Similarly, there are presumably occasions when an accident is avoided through no action of the driver. Moreover, the chance that a breach of traffic regulations is discovered depends on the intensity of traffic supervision. In this study, only the frequency of road accidents or of driving offences has been used in assessing the safety of drivers on the road.
Probably it is mainly chance factors that decide whether a breach of traffic regulations will remain in that category or will end in a road accident with consequent damage to vehicles and possible personal injuries. It may therefore be mi3leading to sub-divide traffic offences into those with and without accidents. Nevertheless in this study such a division has been adopted as it allows more detailed comparisons to be made. Accordingly, the incidents have been divided into road accidents, serious driving offences, and minor driving offences. If a driver was involved in more than one accident or offence, this has been specially noted.
Results
Road Accidents or Driving Offences due to Effects of Disease In scrutinizing police reports and court decisions on road accidents and driving offences, it was found possible to infer with considerable accuracy whether the accident or offence had taken place under the effects of a driver's disease or the therapy directed against that disease. In four cases a definite connexion was shown between the driver's disease and the accident or offence. All these cases concerned insulin-treated diabetics who had had hypoglycaemic symptoms while driving. In three of the cases accidents resulting in damaged vehicles occurred, but there were no personal injuries. One of these accidents led to the withdrawal of the driver's licence. In none of the four cases was a prosecution instituted. The cases were briefly as follows:
i. A 42-year-old man with insulin-treated diabetes from the age of 24 years without reduced vision had held a driving licence subject to the usual restrictions for io years. Both in I958 and I96I, while under the influence of insulin, he drove the car into fences in attempts to halt the vehicle.
2. A 49-year-old man with insulin-treated diabetes from the age of 35 years without reduced vision had held an unrestricted commercial-vehicle licence for 26 years. In I956 he drove his vehicle off the road as the result of a hypoglycaemic attack. After the matter was reported to the police the driver's commercial-vehicle licence and private-car licence were withdrawn. In the following year his cardriving licence was re-issued subject to the usual restrictions.
3. A 58-year-old man with insulin-treated diabetes from the age of 39 years without reduced vision had held an unrestricted driving licence for 34 years. In an attack of hypoglycaemia in i96i he drove into a stationary vehicle. After a report to the county administrative board his driving licence was restored to him on condition that he should be under medical supervision. In all other cases the available data did not suggest that the driver was in any way affected by his disease at the time of the accident or offence.
Results of Comparison with Control Series
With regard to sex, age, and licence-holding period, complete agreement between the investigation and control series was achieved.
As mentioned above, 5I and 52 % respectively of the 585 group i and 2 drivers in the investigation and control series were asked to state the number of kilometres driven per year and the conditions (urban/rural and day/night) of driving. In both series replies were received from 77% of those given the questionnaire. The percentage distribution of these drivers according to different annual driving distances is given in Table V . There was also close agreement as regards the questions concerning the type (urban/rural) and time (day/night) of driving. agreement as regards exposure to traffic between the investigation and the control series.
The distribution of the two series according to sex, age, licence-holding period, and exposure to traffic is closely comparable. The two series therefore appear to differ only in the occurrence of chronic disease in the investigation series. Table VII gives the numbers of drivers in the two series involved in accidents or serious driving offences. The numbers of drivers involved and not the individual accidents or offences are given. The number of drivers with more than one traffic accident or serious offence was nine in the investigation series and i8 in the control series. The number of licences still withheld on 3I December I96I was six in the investigation series and four in the control series. As will be seen from Table VII , there were fewer road accidents and serious offences in the investigation series as compared with the control series. Table VIII gives the percentages of road accidents and serious traffic offences experienced by the different investigation and diagnostic groups. The Table also gives the average observation periods for possession of a driving licence on special conditions during the period I952-6I for the investigation series and for different investigation groups and diagnostic groups.
Discussion and Conclusions
The ideal procedure would be to try to eliminate altogether the risk of road accidents or serious driving offences directly caused by a disease which has been diagnosed, treated, and followed up. To achieve this, however, too many drivers who in practice would be safe on the road might be deprived of their driving licences. Nevertheless, in Sweden, perhaps as a result of the rules applied for the granting of licences to drivers with chronic disease, the risk of such accidents or offences seems to be very small. Thus, within the io-year period studied, and during an average observation period of 4-5 years, the number of drivers who were in- ties, or relinquished them voluntarily after personal consideration of the matter, suggests that the system applied is reasonably effective. The present study indicates that, in comparison with a control series, drivers with the specified chronic conditions constitute no increased risk to 9 4 road-safety. The restrictions applied seem to be an effective prophylactic instrument. Not even the group which, according to this study, is least favourably situated as regards frequency of accidents and offences, namely the diabetics, reaches the frequency figures which apply to the control series. 6.7 15.3 possession of a driving volved in a road accident owing to disease constituted only o-8% of all drivers with a chronic disease in this series. In all, 4-I% of such drivers were involved in road accidents during the observation period. If serious driving offences not resulting in an accident are included, the corresponding figures are i-o% and 9-8% respectively. Table VIII shows that the drivers with insulin-treated diabetes in this series are the group constituting the greatest traffic risk owing to insulin reactions. The number of road accidents caused by hypoglycaemic attacks is, however, small. During an average observation period of 4.7 years, only Ip7% of the insulin-treated diabetics were involved in road accidents of this kind.
It appears from Tables VII and VIII that there is a lower frequency of road accidents and serious driving offences among the drivers with chronic disease compared with those in the control series.
